Urease is a constituent enzyme of Corynebactmiurn rende and appears to account for the bulk of its arnmonia production. C. renale also contains an arginase and some amino-acid deaminases, but the former has not been fully characterized. Bovine urine supports the growth of a small inocdum of C. renale for a limited time but after growth has reached a maximum it diminishes rapidly and the ammonia and pH values increase. C. renale also contains uricase but its precise significance has not yet been determined.
taining 1 % (w/v).urea. After 48 hr. incubation at 37" flasks of uninoculated media and those in which the organism had been grown were filtered through Seitx filters and the filtrates examined for free ammonia, urea and creatine. The results are given in Table 1 , and show that in bovine urine and in a urea medium C. renale breaks down the urea with the formation of free ammonia.
The creatine content of the urine remained constant, but largely diminished in the urea medium probably because of the peptone present.
The ammonia-producing capacity of C. re& was therefore examined and a few comparative tests made with C. ovis, C. equi, C. pyogenes and Bacteriz.bm coli.
METHODS
The methods employed were : (a) Washed suspensions of C. renak prepared from growth on agar slopes were seeded into sterile urine, peptone water containing 1 yo urea, hydrolysed peptone water and peptone water. The urine was sterilized by Seitz-filtration, and the hydrolysed peptone was prepared from a stock solution which consisted of a mixture of 100 g. of Bactopeptone and 300 ml. of cone. hydrochloric acid (A.R.) which had been boiled under a reflux condenser for 48 hr. after which most of the acid had been removed by vacuum distillation; the solution was neutralized to pH 7 by NaOH, diluted to give approximately 1 yo NaCl; A m m i a production by C . renale
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RESULTS
Growth of Corynebacterium renale in bovine urine and urea medium
The results obtained by growth of C. r e d in bovine urine are shown in
Figs. 1 and 2. In the first experiment ( Fig. 1 ) the initial inoculum was small, about 1500 viable bacterialml.; the number increased to 1.5 x lo6 at 48 hr.
and then diminished till after 6 days' incubation only 100 organisms/ml. were viable. This coincided with a decrease in urea, from 1-25 to 0.25 g./lOO ml. at the third day, whilst the ammonia content increased to a little over 0.5 g./ 1 W d . during the same period. The second experiment (Fig. 2) shows the results With a large inoculum. The initial viable count of 162,000 organisms/ml.
fell almost in a straight line to zero; in this sample of urine the urea content was 2.65 g./ml. which fell to 2 g./ml. by the seventh day; there was a corresponding increase in ammonia. Whether the initial inoculum of C. r d e is large or small there is in bovine urine a steady though not always a rapid disappearance of the urea with a corresponding increase of ammonia concentration and pH value, the latter reaching 9.5.
In peptone water containing 1% (w/v) urea similar results are obtained (Fig. 8) . With an inoculum of llb0,OOo viable organisms/ml. there was a steady decrease in viable organisms, a fall in the urea content within 72 hr. and a corresponding increase in ammonia.
A different picture emerged when C. r d was grown in peptone water or in wid-hydrolysed peptone water (Fig. 4) . In the former medium an inoculum approximating to that used in the urea medium grew and reached its peak at about 48 hr., thereafter falling gradually. Small amounts of ammonia were R. LoveU and D. G. Harvey present, from 13 to 80 mg.1100 ml. In the acid-hydrolysed peptone water the viable organisms were rapidly killed and none were recovered after 48 hr.
incubation, The ammonia content was irregular, varying from 6 to 23mg.l 100 ml. 
Incubation of cell free extract of Corynebacterium renale in nitrogenous substrates
The results obtained after incubation of the cell-free extract of C. renale in different nitrogenous substrates are shown in Table 2 . They are compared with those obtained with similar products from C. equi, C. ovis, C . wogenes and Bact. coli. Ammonia production by C. renale, although small, occurred with most of the substrates, the one exception being urea, which was rapidly and completely broken down. Prolonged incubation appeared to favour an arginase activity but beyond that ammonia production was slight. C. ovis also has urease, but C. pyogenes and Bad. coli have none; there is some evidence of an arginase of C. pyogenes but C. equi possesses neither urease nor arginase, it appears to break down (L+)-glutamine. Of the five organisms studied, C. equi and Bat. co2i produced least ammonia when their cell-free extracts were incubated with a mixture of all the nitrogenous substances. This is difficult to reconcile with the results obtained when the strains were grown on the media described by Christensen (1946) ; in this medium, C. r e d , C. ovis and C. equi gave evidence of urease activity, C. pgogenes gave a slight change in colour and Bact. coli failed to produce this change. When the phenol red was replaced by thymol blue (0.012 g./l.), positive reactions occurred with C . Tenale and C. equi and none with C. ovis, C. pyogenm and Bact. coli. In both media C. r e d gave rapid and intense reactions. The arginase activity was studied by incubating 25 mg. of cell-free extract in a solution containing 50 ml. of a solution of 0 . 0 5~ arginine, 5 ml. of 0.6 % -0, and 0.45 ml. of O-O~M-M~SO,, and water to 100 ml.; toluene was added as preservative. A control flask omitting the &SO, solution was included and the mixtures were incubated at 3 7 ' for 7 days. With the C. renale extract (Fig. 5 ) there was a steady increase in ammonia production, enhanced by the MnSO,. Comparable extracts from C. equi and Bad. coli produced little ammonia, with no significant increase by MnSO,. The arginase activity of C. Tenale was further demonstrated by the recovery of ornithuric acid after 8 days' incubation. This was effected by boiling the opalescent solution with 2-8 g. of kieselguhr for 80 sec., filtering and concentrating in vacua to 25-80 ml. ; the concentrate was treated with 1 ml. benmyl chloride and excess NaOH, were obtained from the C. e p i and B u t . coli flasks when they were clarified and treated with 5 % flavianic acid. These precipitates decomposed at 260-270'
with no sharp melting-points. The nitrogen analysis figures indicate that these substances were probably mixtures; Bad. coZi has already been shown to possess an arginine decarboxylase activity giving rise to agmatine (GaIe, 1940a, b).
The breakdown of nitrogenous constituents in human urine
by cell-free e&a& A sample of human urine a t pH 7 was divided into portions of 50 ml. and to three of them were added 25 mg. of the cell-free extracts of C. renak, C. equi and Bact. coZi respectively. After 40 hr. incubation at S7O the main nitrogenous constituents were estimated in all four samples (Table 8) . The cell-free extract of C. renale attacked urea with a corresponding increase in the ammonia content. There was also a fall in uric acid with an increase in allantoin. Only slight changes occurred with extracts of C. eqwi and Bdct. coZi.
DISCUSSION
The ability of C. renale to form ammonia from various nitrogenous substrates undoubtedly lies in its urease activity. In common with the other bacteria studied it forms ammonia from a series of amino-acids, but in this respect its activity is slight. Proteolytic activity is also small and any ammonia produced by this means probably comes from the hydrolysis of amide nitrogen or by a primary proteolytic breakdo*n of the molecule followed by deaminase activity. This may be compared with the protease isolated from a streptococcus by Stevens & West (1922) and with the action of C. eqzli on glutamine.
We have not yet determined whether the arginase possessed by C. renale is a monohydrolase or dihydrolase. One practical difficulty is the wide pH range of the urease present, which we tentatively suggest is 5-9. If the arginaSe activity is optimal at pH 9 f 0-5 (Folley & Greenbaum (1948) suggest it is 9045)~ then it may be possible to isolate an intermediate product such as urea which may be formed if the arginase is a normal monohydrolase type The only other enzyme activity concerned with urinary nitrogenous products, other than amino-acids, is uricase, an enzyme whose activity would be enhanced by the presence of the urealurease system. Uricase is present in C. rmZe in sufficient amount to cause the disappearance of 50 % of uric acid in human urine at pH 7 after 40 hr. incubation. Further study of this isolated fact might reveal a linkage between the tissue of the host and the metabolic activities of the particular pathogen (Fildes, 1984-5 ; Knight, 1986) . The activity o f C. r d may be bound up with enzyme systems other than those which produce ammonia. Gale (1940 a, b) showed that Bact. coZi possesses a decarboxylase capable of converting arginine into agmatine, and although there is no evidence of agmatine formation by C. renale, other natural bases may be revealed which are harmful to the kidney tissue. The differences in the growth curves in bovine urine from small and large inocula may be due to the rapid increase in ammonia production and pH value, produced by the larger concentration of urease. It is useless to speculate with a medium such as urine, as each sample is different, and it may be that any essential metabolites present are inadequate for small inocula and the growth thereby influenced in that way.
It is hoped to continue the study of the enzyme characteristics of C. r e d e , and one plan consists of varying the constituent nutrients. Hills (1940) noted that the relative concentrations of arginase and urease were sometimes reversed when growing staphylococci on special media. The main object is a study: of the factors and conditions responsible for the localization and R. LoveU azzd D. G. Harvey multiplication of C. r e d in the kidney medulla; it may lead to a fuller understanding of its pathogenesis and of the general problem of tissue localization.
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